The usual measure of the undiversifiable risk of a portfolio is its beta. Recent research has allowed beta estimates to vary over time, often based on symmetric multivariate GARCH models. There is, however, widespread evidence in the literature that the volatilities of asset returns, in particular those from stock markets, show evidence of an asymmetric response to good and bad news. Using UK equity index data,, this paper considers the impact of news on time varying measures of beta. The results suggest that beta depends on two sources of news -news about the market and news about the sector. The asymmetric effect in beta is consistent across all sectors considered. Recent research provides conflicting evidence as to whether abnormalities in equity returns are a result of changes in expected returns in an efficient market or an over-reaction to new information. The evidence in this paper suggests that such abnormalities may occur as a result of changes in expected return caused by time-variation and asymmetry in beta.
Introduction
There is widespread evidence that the volatility of equity returns is higher in bull markets than in bear markets. One potential explanation for such asymmetry in variance is the so-called 'leverage effect' of Black (1976) and Christie (1982) . As equity values fall, the weight attached to debt in a firm's capital structure rises, ceteris paribus. This induces equity holders, who bear the residual risk of the firm, to perceive the stream of future income accruing to their portfolios as being relatively more risky.
An alternative view is provided by the 'volatility-feedback' hypothesis. Assuming constant dividends, if expected returns increase when stock price volatility increases, then stock prices should fall when volatility rises. Pagan and Schwert (1990) , Nelson (1991) , Campbell and Hentschel (1992) , Engle and Ng (1993) , Glosten, Jagannathan and Runkle (1993) , and Henry (1998), inter alia, provide evidence of asymmetry in equity return volatility using univariate GARCH models. Kroner and Ng (1995) , Braun, Nelson and Sunnier (1995) , Henry and Sharma (1999) and Engle and Cho (1999) inter alia use multivariate GARCH models to capture time-variation and asymmetry in the variancecovariance structure of asset returns.
Such time-variation and asymmetry in volatility may be used to explain a timevarying and asymmetric beta. A risk averse investor will trade off higher levels of expected return for higher levels of risk. If the risk premium is increasing in volatility, and if beta is an adequate measure of the sensitivity to risk, then time-variation and asymmetry in the variance-covariance structure of returns may lead to time-variation and asymmetry in beta.
Recent research by Braun, Nelson and Sunnier (1995) , hereafter BNS, explores time variation and asymmetry in beta using a bivariate EGARCH model. Engle and Cho (1999) , hereafter EC, extend the BNS paper in two main directions. First, EC consider the differing roles of market-and asset-specific shocks. This is important since a series of negative returns caused by market or asset-specific shocks may lead to an increase in beta. Second, EC use daily data on individual firms, rather than the aggregated data used by BNS.
Our approach differs markedly from that of both BNS and EC. In particular we use a linear as opposed to an exponential multivariate GARCH model to distinguish between the role of idiosyncratic and market shocks in determining potential asymmetry in beta. The exponential GARCH approach of BNS does not readily admit negative covariance estimates, and moreover, the EGARCH form appears to dramatically overstate the response of the conditional variance to a negative shock -see Engle and Ng (1993) , and Henry (1998) inter alia. Our approach allows for a (potentially negative) time varying and asymmetric covariance between the risky asset and market portfolio, while guaranteeing a positive definite variance-covariance matrix. Moreover we define the Conditional Beta Surface, an extension of the News Impact Surface concept of Ng and Kroner (1995) . Using this approach it is possible to produce a graphical representation of the impact of idiosyncratic and marketwide shocks upon estimates of beta. We also employ indicator dummy regressions to identify sources of the observed asymmetry in the estimated beta series.
The remainder of the paper develops as follows. Section 2 outlines the strategy employed for modelling the time-variation and asymmetry in beta, while section 3 describes the data and presents the empirical results. The statistical properties of the estimated beta series are reported in section 4. The final section of the paper provides a summary and some concluding comments.
Modelling Time Variation and Asymmetry in Beta
The static Capital Asset Pricing Model (CAPM) predicts that the expected return to investing in a risky asset or portfolio, E( t S R , ), should equal, f r , the risk free rate of return, plus a risk premium. The risk premium is determined by a price of risk, the excepted return on the market portfolio in excess of f r , and a quantity of risk, known as the 'beta' of asset S, S β . The static CAPM may be written as
β may be obtained from OLS estimates of the slope coefficient in
It has long been recognised that the volatility of asset returns is clustered. Thus the assumption of constant variance (let alone covariance) underlying the estimation of (2) must be regarded as tenuous. Bollerslev Engle and Wooldridge (1988) , Braun, Nelson and Sunier (1995) and Engle and Cho (1999) , inter alia, report evidence of time variation in S β based upon the GARCH class of models. Braun, Nelson and Sunnier (1995) and Engle and Cho (1999) use the bivariate EGARCH approach specifying the conditional mean equations as
. 
As noted by Braun et al. (1995) , the bivariate EGARCH (5) In contrast to Braun, Nelson and Sunnier (1995) , and Engle and Cho (1999) Furthermore, we make no formal assumptions as to the time series process underlying β S . We assume a VARMA process for the returns and model the time variation in the variancecovariance matrix using a linear as opposed to an exponential GARCH model. The multivariate GARCH approach allows the researcher to examine the effects of shocks to the entire variance-covariance matrix. Thus the effect of a shock to t M R , on the covariance between t M R , and t S R , may be inferred directly from the parameter estimates. Moreover, the conditional variance-covariance matrix may be parameterised to be time varying and asymmetric. Given the role of covariances in asset pricing and financial risk management, correct specification of the variance-covariance structure is of paramount. For example, the conditional covariance may be used in the calculation of prices for options involving more than one underlying asset (such as rainbow options), and is vital to the calculation of minimum capital risk requirements. Both variance and covariance estimates may be used in the calculation of the measure of undiversifiable risk from the Capital Asset Pricing Model. It follows that if the variance and/or covariance terms are time-varying (and asymmetric), the CAPM β is also likely to be time-varying (and asymmetric).
The conditional mean equations of the model are specified in our study as a Vector Autoregressive Moving Average (VARMA) which may be written as: 
. There are 21 free parameters in the conditional variance-covariance structure of the bivariate GARCH(1,1) vec model (7) to be estimated, subject to the requirement that H t be positive definite for all values of ε t in the sample. The difficulty of checking, let alone imposing such a restriction led Engle and Kroner (1995) to propose the BEKK parameterisation * 11
The BEKK parameterisation requires estimation of only 11 free parameters in the conditional variance-covariance structure and guarantees H t positive definite. It is important to note that the BEKK and vec models imply that only the magnitude of past return innovations is important in determining current conditional variances and covariances. This assumption of symmetric time-varying variance-covariance matrices must be considered tenuous given the existing body of evidence documenting the asymmetric response of equity volatility to positive and negative innovations of equal magnitude (see Engle and Ng, 1993 , Glosten, Jagannathan and Runkle, 1993 , and Kroner and Ng, 1996 . (8) is given as a special case of (9) Kroner and Ng (1996) analyse the asymmetric properties of time-varying covariance matrix models, identifying three possible forms of asymmetric behaviour. First, the covariance matrix displays own variance asymmetry if
, the conditional variance of
, is affected by the sign of the innovation in
. Second, the covariance matrix displays cross variance asymmetry if the conditional variance of ( )
is affected by the sign of the innovation in
. Finally, if the covariance of returns t MS h , is sensitive to the sign of the innovation in return for either portfolio, the model is said to display covariance asymmetry. 8 The innovation in prices from time t-1 to time t,
, represents changes in information available to the market (ceteris paribus). Kroner and Ng (1996) treat such innovations as a collective measure of news arriving to market j between the close of trade on period t-1 and the close of trade on period t. Kroner and Ng (1996) define the relationship between innovations in return and the conditional variance-covariance structure as the news impact surface, a multivariate form of the news impact curve of Engle and Ng (1993) . By construction, the model allows β S , the measure of undiversifiable risk associated with industry sector S to respond asymmetrically to news about the market portfolio and/or news about sector S.
Data Descriptions and Empirical Results
Weekly UK equity index data for the period 01/01/1965 to 01/12/1999 was obtained The Akaike and Schwarz Information criteria were used to determine the lag order of the VARMA model (6). In all cases, the restricted VARMA(2,1) given as (12) was deemed optimal: Maximum likelihood techniques were used to obtain estimates of parameters for equations (9) and (12) assuming a Student's-t distribution with unknown degrees of freedom for the errors.
The parameter estimates for the conditional mean and variance equations are displayed in Tables 2a and 2b Figures 2-7 display the variance and covariance news impact surfaces for the estimates of the Multivariate GARCH model displayed in Table 2 . Following Engle and Ng (1993) and Ng and Kroner (1996) , each surface is evaluated in the region H . In the cases of the basic industries, retail and healthcare sectors, a market-wide shock has a bigger impact on subsequent volatility than an idiosyncratic shock of the same size. In fact, an idiosyncratic shock has virtually no effect on volatility since that part of the surface on the first diagram is flat. On the other hand, in the cases of the financial and real estate sectors, idiosyncratic socks have a much stronger role to play.
Holding information at time t-1 and before constant, and evaluating Table 2 . Again, the asymmetry in response to market and idiosyncratic shocks is clear.
Properties of the t S , β series
The third column of Figure 1 plots Similarly, in order to identify the magnitude of negative market returns, let
. Similar variables may be defined to identify negative return innovations and the corresponding magnitudes for each individual sector. 
Consider the OLS regression
t t M t S t S t S t M t M t S u C C R I R I + + + + + + + = − − , 7 , 6 , 5 , 4 , 3 , 2 1 , φ φ φ φ φ φ φ β (13)
Summary and Conclusions
Recent research provides conflicting evidence as to whether abnormalities in equity returns are a result of changes in expected returns in an efficient market or an over-reaction to new information in a market that is inefficient. De Bondt and Thaler (1985) , Chopra, Lakonishok and Ritter (1992) , and Jegadeesh and Titman (1993) inter alia, conclude that the return to a portfolio formed by buying stocks which have suffered capital losses (losers) in the past, and selling stocks which have experienced capital gains (winners) in the past, has a higher average return that predicted by the CAPM. All three studies conclude that such overreaction is inconsistent with efficiency, since such contrarian strategies should not consistently earn excess returns.
On the other hand, Chan (1988), and Ball and Kothari (1989) argue that the time variation in expected return due to time-variation in beta can explain the success of the 'losers' portfolio. The studies find that there exists predictive asymmetry in the response of the conditional beta to large positive and negative innovations. Braun, Nelson and Sunier (1995) find weak evidence of asymmetry in beta, but conclude that it is not sufficient to explain the over-reaction to information, or mean reversion in stock prices. Engle and Cho (1999) argue that this lack of evidence of asymmetry in beta is due to stock price aggregration and lack of cross-sectional variation in the monthly data used by Braun, Nelson and Sunier (1995) . Engle and Cho (1999) argue that the use of daily data on individual stocks makes the detection of asymmetry an easier task.
This paper employs weekly data on industry sectors from the UK equity market to examine the impact of news on time-varying measures of beta. The use of weekly data on sectors of the market should overcome the potential price aggregation problems associated with lower frequency data, and maintain sufficient cross-sectional variation to detect time variation and asymmetry in beta.
Treating prices innovations as a collective measure of news arriving to the market between time t -1 and time t, the results suggest that time-variation in beta depends on two sources of news -news about the market and news about the sector. However, the asymmetric 13 response of beta to news appears related only to large negative innovations to the market. Bad news about each individual sector does not appear to significantly affect the measure of undiversifiable risk. The asymmetric effect in beta is consistent across all sectors considered.
Given the magnitude of the asymmetry identified in beta, the evidence in this paper
suggests that abnormalities such as mean reversion in stock prices may occur as a result of changes in expected return caused by time-variation and asymmetry in beta, rather than as a by-product of market inefficiency.
Footnotes
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